THE DEVELOPMENT OF THE OVARY OF THE GUINEA-PIO, CAvIA 
COBAYA, IN BMBAYOS OF BIGHTREN To THIRTY DAYS OF 
AOS INCLUSIVE; WITH SOME OBSERVATIONS Con~ 
CSRNING ITS SUBSEQUENT DEVELOPIEERT 
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This investigation hae been carried on es a part of 
the study of the reproductive systex of the guincaepig 
Cavin sobsue, dogm by Dre Mary Te Harmen. 

The purpose of thie particuler phase of the etudy has 
toon te trace the development of the ovary of the guinces 3 
pig in embryos of eighteen to thirty days of age inclusive, — 
to give sume edservations eoneerning the subsequent dew 
volopmnt of that organ in tho eubryo, end in partiouler 
to note the growth of the gous¢, ite woletion to surround~ 
ing organs, ite histclogics) structure, Gifferentistion 
into testis or ovary, end the characteristics of the ovary 
in the period imue@lately following éifferentiation. 

Although guinesepizs are used extensively os experte 
cental eniuale, the develepzent of their reproductive 
syatens has not been etudied te any grest extent. In thio 
study an attempt has b-en sade to eheek observations with 
the results given vy other investigetors conserning the 
Cevelopment of the ovary in different mamasls. 

The origin of the geru-colle has not been one of the 
primary phases of this study. Herlier stages then those 
used here would be neecessery for such en investigation. 


These observations begin when the genital ridge has 
already differentiated to the extent that it is recognis- 
eble and they continue thraigh the period of the differ- 
entiation of the ovary. A few observations concerning the 
later development of the ovary are given. 


fhe writer desires to express her gratitude to Dr. 

Nery T. Serman for suggestions and eritieiems given 
throughout the investigation end for her eid in caring for 
the guinea-pigs. Dr. Ue Le Ibsen of the Jniml Husbandry 
Depertment has kindly cooperated by providing animals for 
this study ed by euggestione concerning their care. The 
preserved mterial used for the later stages was also con- 
tributed by hin. 


BATERIAL AND METHODS 


The guinea-pigs used in this study were obtained from 
the Animal Busbandry Department end given the sam cere 
which ie given in that Department. 

The sales vere kept in separate cage’ so that acm 
curately timed embryos could be obtained. The femiles 
time of eopulation could be noted. At first only unmated 


females were placed in the eages with the males, tut after 
4t wae found that pregnaney @id not ealeays follow copule+ 
tion, both the mated ond unmated fermmlece were put with the 
males regularly. When copuletion occurred, the fomile was 
left with the mele until a number of copulations had taken 
place, The time of copuletion of eech enine? was recorded, 
Several femles were meted two or three times without boe 
coming pregnant. 

fhe females were icilied by means of gas at the do- 
sired number of days efter insemination and the erbryos 
removed from the uteri. lxbryos from oclghtecen through 
twenty-seven Gays of ego were stained in toto in borax 
earmine and the sections resteined fn Ehriich's haema- 
texyline The ovaries wore removed from the older female 
ortryos, seetioned, <n‘? etained tn Ehriteh*s haemtoxylin. 
Bouin's fluid was used ss a fixative. Pareffin was used 
for inbed@ing. All eections wore cut at ten microns and 
mounted in serie] order. 

‘The ege of the enbryoe te given in maker of days 
efter copulation of the parents, for practieslly all the 
edult femeles were mated In the morning an? icdited In the 
morning so that there was not more than two or three hours 
@ifference in computing the age in this way. The length 


of the embryoe was token, but variation in the length of 
enbryos of the some age and even in the same litter 1s so 
common that age in days was considered more reliable. 

of the forty-six guines«pigs killed in order to obe 
tein embryos, twenty were not pregnant. Materials used 
for this perer were from embryos of the agea recorded in 
the following table: 
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The fifty-, fifty-five, ond oixty-day meterial was obe 
and preceeded beck through carlier stages to the tine 
when the genital ridge im recognised with rom airriculty 
ao thet there would be ne question concerning the recoge 
nition of the gonad in earlier stages or of the gorm-colla 
conteined therein. Special study wae unde of the critical 
poried of differentiation of the goned into tostia or 
ovary to doterminc what charactoristics distinguish tho 
two at thie poriod. 


There are meny differences in the obscrvetions of 
investigators who have studied the developuent of the 
every in mammele and other vertebrates, Some may be due 
to the Gifferenees in the stages studied end it may be 
thet there are Gifferenees in different animale. 

1t 49 gonerelily reeognized that the gonitel primor- 
dium appoors in the ventroencdien surface of the Wolffien 
body se a gonitel ridge. According to Seinmont (1006), 
the formation ané efenificance of the gonitel ridge in 
emaetes wore studied by Dorsenkow (1868), Schulin (1892), 
tavlanié (1006), Coort (1996), Jenosik (1005), end 


Mihalkevies (1985). 

Borsenkow, Selmlin, and Leulenié considered that the 
genital ridge is formed froma tissue whose cells my 
differentiate either into epithelial tisoue or into cone 
neetive tiasue. 

Coert, in his study of the rabbit, believed thet the 
genital ridge ie mée up of mesenchymatous tissue which 
divides before differentiation of the gonad into s periphe 
eral gone end a basal sone with a gradual transition bee 
tween the two. ‘The peripheral leyer furnishes the 
epithelium end seminiferous tubules of the testis; the 
cortical and mé@ullery tones of the ovary. The deeper 
layer gives rise to the rete testis and rete ovarii. 

Jenosik and Mihelkovies considered that the germinal 
epithelium playe a very impertent role in the fomntion 
of the sexeglanis by giving rise to a primary prolifora- 
tion which forms the medullary cords in the ovary and the 
seminiferous tuboles in the testis, and a secondary pro 
liferation in the ovary which gives rise to the egg-tubes 
of Pfluger. 

Aocording to Minot (1807) the development of the 
genital ridge in amiotes my be divided into four stages: 
(1) the production of mesenchywe from the mesothelium: 
(2) the development of the medullary cords; (5) the 
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aues. In the ovany he Mahed o preidteanstene fron tho 
garninal epithelium which correspond to those desaribed | 
by danostk anf Wihalkevies. te fomé no celle in the 
early stages which correspon? te the prinaréiel geracelle 
Geserited by Waléayer (1979) in amfotes, 

In hin stufties of the fevelepent ef the overy and 
testia in the pig and vabbit, Allen (2098) fount primome 
diel gernecelts in the earliest stages stutied, but bow 
lieved they haf xigrsted to tho gonftal region tn an 
earlier estes. In the testis end ovary, respectively, ho 
homalogine? the tuntes eltusinse, the interstitial cells, — 
the privordfial germ-cells and the rete tubsles which ere 
found in both, the sominiferc:s tubules and mdullery 
corda, end the germinative ovlle of the seminiferous 
tubules and the follicle cells. | 

Folix (2919) etated that in the inéLeferent stage of 
the gonad in sammie, the wiiforn opithetdal mass sepa 
rates tate 9 superfieial epitheltun and an epithelial 


thelium has no further participation in the foraetion of 
young ove. The epithelial nucleus, he believed, is the 
tubules, and rete testis in the mic. In the ovary by 
an ingrowth of comective tloeue and vessela from the 
hilus toward the periphery, the conversion of most of the | 
end © now formation of the epithelgel nucleus at the 
periphery. In older fetuses he deserited “foléings of 
cords, but Gid not atteeh any importance to then. 

Kingebary (1915), in hie study of the origin of tho 
interstitial celle of the ovary of the cat, stated thet 
the ege=tubes of Prliger, which are called germinal 
branches by Saimsent (1006) end described as a second 
proliferation from the epithelium are not "¢owncrowthe® 
treile left behind in the advancemsnt ef the surface as 
the ovary ineseases in size. Tho surfsee opithelius 
reteins, throughout, ite connection with the epitheliel 
corde which he terne egg-corde. 


Gifforent stage end the history of the male gormcolis, — 
Sinkins (1928) traced the development of the goned 
of wan from ate first appeswance as a thickening of the 
gonktel ridge, through the in@ifferent stage, and as e 
Cifforentieated testi or ovary. He observed that the 
proliferates celle in corielike groups inte the atroma, : 
seminiferous tubules of the testis and the medullery cords 
of the ovarye The superficie! opithelgun is the source of 
tho Indifforent end gontteletd cells of the inciptont 
ovary, but efter formtion of the albuginea 4¢ hae no fupe ri 
ther pert in the delivery of colle into the epitheltel 
then of epithelial celle after differentiation of thee 
OVaPy « . 
Swift (1915) recognized tro proliferetions fron the 
epithelium in the ovary of the ehfcit. 
gormeclia arkee in carly exbryosformtion taking no pert 
in histogeneste and ave sot aside to eventually give rico | 


aes Beep yt kee Ma Gs ts ss 
ars ING is Taal ites Ne Serta ne 


; re Se, ales 5 
Sep Pe meee See Ae 


to the gonads of the individual, Uargitt (1926) in a 
review of the work of several investigators carried on to 
ontogeny as @ special type of cell, stated that Eigenmam 
(1891), in his work with the teleost fish, wes the only 
fore germ leyers were formed. 

Wang investigators believe they have treced tho gora- 
cells from their origin in extrasregional positions 
through their migration inte the genital ridge. Felix 
(1922) in memmls, Dustin (1010), Berenberg-Gossler (1914) 
dJervie (1906), end Allen (1006) im reptiles, Allen (1911) 
in gancids, Swift (19124) end Goldsmith (1926) in the 
chick are advocates of the extre-regional, end usually 
endodermal, origin of the prinordiel germcells et least. 

Rubaschkin (1908, 1909) believed that he could trace 
the germecelis of the rabbit and guinea-pig from the 
encederm et som distance on each side of the hind-gut 
through a welledefined path into the genitel ridge. 

Nussbaum (1880) end his followers denied that eny 
ee@ll which has been ineluded in the formation of some can 
be differentiated and subsequently form a gernqcell. 


oP at least the definitive goro-cells, are formed by a 
aotensrphosta of the epktheliel colle. Waldeyer (1970) 
waa the fivat to euggest thet germ=celie are really dif~ 
foventinted epitieltal eolle, Felix (1032) in mms, 
Gatenby (1936, 1983, 1084) in enphibians and birds, 
Hargitt (2985) in the albino rat, Simkins (1929) in man, 
Sun (1023) in pest~pubertal obgonesis of tho guinca«pig, 
and others ageee thet epitheldel cells ean differentiate 

iinet (1897) doubted whether the large celia appoare 
ing early in amiotes and designated as gerascelis could 
be considered a8 primordial germscolle eines they wore 
correlated with eellediviaions. 

Sainuont (2906) did not find the primordial gerne 
eelis in any of the carly atages of the gonad. 


OBSEIVATIONS 


in the carly devolepuent of the guinea-pig eabryo, 
the primerdiua of the gonad appears ae a region of thick= 
ened epithelium, the genital ridge, modie~wventyal to the 
Velffien bedy near the engle between the Wolffian body 
end the root of the msentory. In the first stage ob 
sowed (Pige 1), this ridge te sharply demapeanted fron 


three cells, although the eels aro not arranged in ée~ 
| finite rows. Ae the epithelfel cells increase in number 


by mitoacs which ere’ voxy @oumon in the early stages, the ae 


ganital ridgo inereascs 4n thielmess end beeoms soxownet 
scparated from the Wolffian body by leteral and median 
furrows. The furrows, at finet shallow, becom deeper, 


util in tho last part of the indifferent period the gonad : 


is connected to the Wolffien body by « narrow mesentery 
only. The gonad, in the osantias, inereases in breadth 
end longtlis 


The epithelial colis for: a syneytiun which ts broken 


infrequently in the vory eerily stegos by lerge colle with 


tnelosed eytoplesa, The epithelial nue’ ite with theip 


jong exes perpendicular to the surfeee of tho gonital | 


Long axes pareliol with the ourfaee of tho ridge (Piges2 


and 8)» 

In the csrlicst stage studied, only e fow of the 
mosonephric tubules comect with the Nolffien duct, but 
the mesonephres develope mplidly in the few days following 
until the metanepires appears in its definitive position 
in the twenty-five«dey ontryo, after whieh it begins to 
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e little more than a thickening of the epithelium and be~ 
gins to project into the coclom, the large primordial 
germ-cells which were almost lacking earlier become more 
numerous. At first they ere all located near or in the 
surface epitheliua (Figs. 3 end 4), but in later stages 
they are found in the deeper part of the gonad as well 
(Pigs. 5, 9 and 10). These cells are larger than the 
epithelial celis and have a limited ecytoplesm. Their 
nuclei are larger, more rounded and clearer than the 
nuclei making up the body of the gonads 

By the time the gonad has thickness equal to that of 
the Wolffien body, one ean distinguish in it a peripheral 
leyer of cells definitely one cell deep and e@ deoper part 
composed of masses of cells similar to those in the peri- 
pheral layer, or superficiel epithelium (Fig. 5). This 
Givision continues in later stages, elthough at times it is 
alnost lost. the masses of cells essume a cord-like ap~_ 
pearance (Fig. 6) and extend as proliferations from the 
surface epithelium toward the subjacent stroma, forming an 
irregular boundary between the gonad and mesenchyme. 
These primitive sex-cords become the seminiferoue cords or 
tubules of the testis and the medullary cords of the ovary. 
Connective tissue cells appear between the cords in narrow 


cassette stated, MUNI deve tiatoes tu toten 
stages especially efter sexu) differentiation of the 
goned (Pige 10). The presence of soxecorts gives the ope 


peorenee of leosely cennested mesos at peti nen enenety yd 


soparate fron the surfeee epitiie dus 


The firet indseations of differentiation of the coned = 


inte toatie er ovmay are found tn genes OF soon toate 

subjecent to the surface opithelius suggests the foraation 
of @ tunica-albuginea, whilo other gonads from oxtryos of 
the some age retain the appearance of those of the pres” 
coding stereo. 

Msforentistion of the gonad inte testis ar ovary 
tales pees tn @ relatively short tine, in oubyyos between 
twenty-six and twenty-seven deys of age, ‘The characterise 
ties which distinguish the testis ere (1) a thin eupere 
flete} epithelium, (2) 6 broad subjacent leyer of flattened 
cOlis, the tunier albugines, whieh io of uniform thickness 
ond sherply separates the guporficiel epithelium fron (3) 
the gertiniferone tubules (Pies 7). the sentniterous 
tubules appear as long, twleted, anestemeaing cards which 
hove the eesential cheracteristica of the fully developed 
tubules of later stages. The colle composing them exe 
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sonevhat prismatic end have thelr long exes perpendicular 
te the direction of the cord. — 

‘the ovary of the same ego dose not show a definite 
eifferentiation but rather appears similar to the precede 
ing stage (Pigs. @ end 9), Tho suporficiel epitholiua is 
thieker then in the testis but is not so sharply delimited, 
The nusled in the extreme peripherel portion are arranged 
in @ layer and are closer together than in the remaining 
portion of the superficial epithelius, Sex-cords, or 
élstinet and usually their conneetions with the super- 


‘in ell parts of the ovary end ere much sere abundent here 
then in the testis of the same age. They are more numerous 
in the poriyhoral portion in ell the stages of the dif- 
ferontiated ovary. 

in the ifferentiated ovary the medullary cords begin 
to break up and become less distinct. Strends of comece 
tive tlasuc celle reuify between the cords ané spread out 
benesth the surface epithelium giving a suggestion of an 
incipient tunies albuginea (Pige 10) end anlting the super~ 
ficial epitheliun e dietinet layer egain. In some gonads 
of the sane age the connective tissue celle are not pronte 
nant (Pige 11), 
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Secondary proliferations of celle fron the superficie] 
epithelium begin in the Gifforentiated ovary end penctrete 
the tunics slbuginea whieh becomes more distinct tempore 
avily in the thirty<iay embryo (Figs 12). The tunica 
albuginea of the ovary goose into the formation of the 
cortical portion in the older gonad. The ovary then is 
made up of two distinet roglons, « cortical portion and a 
medullary portion as in the forty=day embryo. ‘The cortex 
is composed of the thin superficial epithelium end cords 
of the second epithelial proliferation which are separated 
by connective tissue. The cortical cords, which ere still 
continuous with the epithelial cells, are msde up of ) 
groups of gorm-colls in mitosis, The large number of gorn- 
colle gives @e lighter color to the cortical region on ece 

The medullery portion is osde up of the medullary 
cords which are composed of indifferent celle snd con# 
neetive tissue celle, with a fow germ-celle scattered 
among the coris, The coli«nuciel of tie region are more 
closely crowded together then in the cortex, giving a 
Carer color. One portion serges gradually into the other 
on account of the irregular character of the corés. 


In the deeper part of the cortex of the rorty-rix~day 
eubryo, indifferent celis begin to surround the germcells, 
forming ineipient follicles, Such follicles inerease in 
number end degree of development in later embryonic life, 
throughout the cortex, but those which are more fully de- 
veloped are uanally found in the deeper part of the cortex. 
The follieles ceew in groups or corde separated by con~ 
nective tissue. 


fhe Giseussion of this investigation includes en 
explanation of the methods used in obteining material and 
a diseussion of the data obtained from this study. 


Methods 


The oestrus eyele of the guineasplg, as determined by 
Stockard and Papanicoleou (1917), is normally of fifteen 
to seventeen daya duration. The period of semal sctivity 
laste about twenty-four hours end Dre He be Ibsen, in cone 
versation, stated that he has found in working with great 
numbers of guinea-pigs that the female will receive the 
mile during two or three hours of this period only and 
goon after parturition. Lame (1015) end Steckerad and 
Papanicolaou (1927) aleo found thet eopuletion will take 
place soon (two to four houra, secording to Lame) after 


parturition 4f¢ the fommle is placed with the ole. 
in the period of heat, the vagina is open, but con 


trary to the condition in most mamesle the veginel orifice 


closes after the peried of sexual setivity and remaina 
closed until near the time when this period reeurs (Kelly 
and Papanicolaou, 1927), so thet during this interval the 
female not only refusea to sccopt the male but te physi« 
eally ineapabdle of heving copuletion take plece. 

Sinee the female guincaepig rercly shows an external 
flow from the vagina, there is no definite way of mowing 
when the animal is in heat. The only expression of this 
condition observed is her willingness to receive the anie 
and this is only indicated when the male fa prasent and e 
eopuletion takes pisces. Because there are ne externel 


signs of the perfec of sexual activity upon which one can — a 


rely with eny degree of certeinty, the mothed found nost 
satisfectory wae to try out o11 the fomales individually 
each day with the chance that some of them might be in. 
heat et that tint. 

Ovulstion, eecording to Lema (1915) end Stoclmrd 


and Papanicoleou (1927), seems te occur spontaneously dure 


ing every heet poried without exception and is not depend- 
ent upon copulation. PFortiligation, however, does not 


follow every time copulation has ocmurred for of the forty- 
eix guineaepigs killed in this investigation twenty were 
not pregnant elthough eech animal had been meted once, 
tuleo, and in some eases, three times. 

fhe length of the embryos was found to vary in 
entrzos of the same age eal even in the some litter. Such 
variation 1¢ disevssed and sssounted for by Ibeon (1028) 
as resulting from evowding, nutrition, and body weight of 
the mother. Hergitt (2192S), who found similar verletion 
fn the eine of rat srbryos, suggested that different sizes 
tn the eame uterus my be due to veriation in tine of 
ferttiivetion of the different egge. Stotsenburg (1915) 
found simfler yerfetfons fn aise of albino ret eubryos in 
a study of thelr weight. | 

The period of gestation of the guinea-pig is sixty- 
five to sixty-seven days normliy. The young at parturi- 
tion are so far developed that they ean be taken from the 
mother almost at once. ‘The vine of the litters varies, 
with an everage of two or three young te a litter. Fou 
were the most found in any P4E86F tn thie etuty. 


Development of the Ovary 


The data from this study show that the development of 
the ovary of the guineaepig may be divided into tuo periods 


(1) the indifferent period, from eighteen to twentyesix 
days of gestation, in which the gonad my be életinguished 
. fvom the surrounding tissues bub has not differentiated to 
the extent thet it may be recognized ac on ovary or a 
testie; ené (2) the perfied of significant changes in the 
gonad whieh begin in the twentyesixeday stage and result 
in the Gifferentiation of the goned inte a testia or an 
ovary vith their respective cheracteristics. 

The indifferent Period, The gestation period of the 
eat which ie sixty-throe days (Marshall, 1910) is almost 
the seme as the gestation peried of the giinmes-pig. Al« 
though the degree of development of both animals at 
parturition ie different. Sainmont*s (Seinmont, 1903) do- 
seription of the development of the ovary of the eat shows 
siniler erities! periods whic: correspond in days end, te 
a eortain degree, in charester to these which have been 
found in thie stuly of the guineaepig., Im the first etage - 
atulied (eighteen-day eabryo), Seinsont found the first — 
indlestion of a genite] ridge in the medloeventral portion 
of the Wolffian body. The ridge consiste of epithelium, 
Slightly thickened, due to the faet that the epitheltal 
colle instead of being aubies? becom oglindrieal, al~+ 
though they form only « single layer Glstinguisheble from 
the neighboring stroma, 


Tn the guinosspig eubrryo of cightoonedays, a sintler 
thickened epitheliel ri@ge fe found, It has a thicknesn 
of two or three cells whose axes are perpendicular to the 
surfaee. The ridge is definitely demrested from the 
subjecent mesenchyme which fe not compact and whose cells 
2fe paralle? with the surfaee (Pig. 1). The epfithelfel 
colle of the gonitel ridge merge graduelly inte the 
colonies epithelium, and in the pidge itself form a 
syncytium, @ con@ition witch Seinmont setd does not exiat 
im the early perfed of the goned in the ent, 

The eppearance of the genital ridge as a region of 
thickened epithelium conforms with the findings of Yele 
Geyer (1670), Coert (1908), Minct (1607), Allen (1904), 
Rargitt (1025), Stuicins (2928), end others, The cecurrence 
of mitosis tn many of the epithelial ells indteates that 
rapid multiplication of cetis 1s taking pees with the ree 
eult thet this region is becoming thickened, This eonii- 


ss thon eentimmes without much change during the next few 


Gays (Pigs 2). The ridge does not become much thicker and 
in practically 212 respects retains the same cheracter as 
when firat observed. This corresponds closely te the 
condition found by Sainment in the eerly development of the 
gonad fin the eat. 


Hargitt (1025), Minet (1007), and others have sug+ 
gested that the mesenchyme subjacent to the genital ridge 
fe aleo derived from the epithelium of this region. In 
the esrly gonad when the genital ridge fe merely thickened 
epithelium, the genital region and mesenchyme are distinet, 
of the ridge lie perpendicular te the surface while the 
nuclei of the mesenchyme are perallel with the surface. 
pear t merge gradually inte the other without a sharp 
voundery, Sainmont (1906) and Allen (1904) mentioned e 
basement membrane separating the genital ridge from the 
mesenchyme. ‘Thies was not observed in the guinea-pig. 

Such « @fetinetion is lost in the twentyeone-day 
atage (Figs 3) for here the genital region merges gradually 
into the mesenchyme with no distinet boundary between. At 
this same age in the cat exbryo, Sainmont deseribed the 
genitel ridge as heving an uneven winding inner boundary 
which 4s uroken by epithelie] buds penstrating the stroma 
beneath, The same condition waa reported by Allen (1904) 
in the pig where cells were proliferated by the epithelium 
whieh formed chains penetrating the basesent membrane. 


A striking feature of this etage is the ceeurrence of 
celle with large rounded nuclei and lightly steining, well- 
defined cytoplasm. These eelils correspond to the primor- 
d4el germoelis described by Waldeyer (1970), Felix (1922), 
Berenberg-Gossler (1014), Swift (1914), Simkins (1928), 
Allen (2904), am? many others who have studied the gonad of 
mammals end other vertebrates. Seinmont (1906) did not 
find any gush cells in the early stages in the development 
of the ovary of the cat, The origin of these eclis in the 
guinesepig wae not taken up in this study for they sre 
present in the genitel ridge in the earliest stages obe 
served, In the earliest stages only « very few large celis 
which look like the primordial gormecelis of the later 
ateges are found. Other lerge celle are found, but since 
they are all in aitesia, it scoms probable that they are 
ordinery epithelial cells which are normally lerger bee 
couse of division. Minot (1607) gave such an explanation 
for hie belief that primordial germecells are not present 
in the cerly stages in ammiotes., Allen (1004), in the 
pig end rabbit, found these celis in the earliest steges 
studied. In the guinea-pig, Rubesehkin (1900), secording 
te Allen (100¢), found the orimort%eal germecelis in the 
endoderm et some Gistense from the genitel region, and be- 
Meved that they migrated inte this region. 


When they ere firet observed in this study, the gern 
there ts no evidence either thet they have migrated inte 
thie region or that they are transformed epithelial colle. 
after the very early stages they ere found in inercasing 
nusbers, near the surface of the gonad et firet and then 
in the éeeper portion, Since gormeeolle in wltoeis wore 
net observed, it was not deterniined how these celle in 
crensed in number from one day te the next. Growth of the 
peripheral partion ef the gomed might reedily tend to 
cause gome of the germecellie to lose their proximity to 
the surfees end becom imbedded in the deeper pert of the 
goned (Fige 6). Such an explenetion fe given aleo by 
Hergitt (1026). 

St the eame time that the germesells ere increasing 
fn number and the goned fe growing in breadth, depth, end 
extent, other changes are teking plees in the gonad. 
Groups of celle appear to be proliferated from the eurfsce 
epithelium whieh has become distinet from the inner eple 
thelfal cells, and penetrate the subjecent region. These 
cords of celle are aignificent for they give rise during 
the period of seadifferentietion to the seminiferous 
tubules of the teatta and the medullary cords of the ovary. 


Jenoeik (2908), end Nihalkevies (1985) considercd thet the 
germinal epithelium of the genitel ridge pleys a most ime 
portant role in the formation of the sexeclands by giving 
Pise to thie primary proliferation which form the module 
lary eorés and seminiferous tubules. Sainmont (1005), 
Simkine (1928), Allen (1904), end tergitt (1925) deseribed 
a primery oreliferetion from the epithelium of the genital 
Pidgo in mammale, and Swift (1024) in the chick. Accords 
ing to these investigotors the primry proliferstione or 
sex-cords are concerned with differentiation of the gonad 
into » testis or an ovary. The sex-coris are characters 
iatic of the indifferent period, during which tire they 
meke up the lerger pert of the goned, They besome more 
@atinet from day to dey and eprear as anastomosing masses 
of colle (Pige 6). By the time the sex«cords are fairiy 
recognisable, the gonsd has beeom divided inte two ise 
tinet regions, en outer superficie) epithelium end en 
inner epithelial mass. ‘The immer portion ta cormmosed of 
the sex-cords, Such an appearance ia retained during the 
reminder of the indifferent period (Pige. 5 ond 6}, 
Felix (1022) stated that after the seperation of the 
superficial epithelium from the inner portion, the epi- 
thelial mucleus is the saetive portion which forme the de-~ 
finitive parte of the testis and ovary. Simiine (1920) 


found that the superficial epitheliua is the source of the . 
indifferent and gentteleld cells of the inetptent ovary. 
During this period, in oubryos of eighteen to twenty~ 
five days of age inclusive, there 49 no indiestion of sex= 
éiffeventiation. All gonads of the same age have essonti« 
elly the sace characteristics. The significant features 
of this period, whieh correspond for the most part to the 
observations of investigators in similer studies, are (1) 
the panied grovth of the gonad from a thickened epitheliun 
te a Gofinite organ suspended from the Welffien body by a 
narrow aesenterys; (2) the appoarance of primordial gern 
colle in the early stages; (3) the proliferation of opie — 


thelial celle which form sex«coria, and (4) the division 
Oe Gah PES Arnnenaten Cen EEn Te Oe bw tenes 
epithelial mes, 


See~Giiforentietion. The eritical period of dite 
ferentiation of the gonsd into testie or ovary is of short 
Curation for tie differentiation takes plese suddeniy. 
The testle assumes definite cherecteriatios which dis- 
tinguieh it from the overy. ‘The ovary does not becom ife 
forentiated as soon ag the testis. In the guince«pi¢ this 
traneformation takes plece sosetines between the twonty- 
sixth and twenty-soventh day of Gevelepuent. in the 
tsentyesixeday oubryo there are slight indications of dif} 
ferentiation, but not greet enough to distinguish posi} 


tively the tootie foam the oreer. In the twentyeseven«day 
cubryo, ¢ifferentiation ha talon place to such en oxtent 
that eve te no qusenten Shaws the sun of the entunds 
ss < shi cence I: ah shh wcmencan? 
buginea of uniform breadth, ané (5) seminifercus cords op 
‘tubules (Pige Vie he eolls of the tunica albuginea are 
flattened and ide with their axes parallel with the eurface 
epithelium, The celle surrounding the seminiferous cords 
have their axes perpendicular te the direction of the cord 
end appear disetinet from the indifferent eelis end eonnece 
tive tissue eslie sepereting the cordae. Slight indica- 
tione of ea tunica albuginee are apparent 6 day earlier 
but it ie not e distinct unifors layers, The sex-cords of 
the inner epithelfal ass heave become transformed into the 
seminiferous cords. At this carly stage the testis hes 
the essential cherecteristics of the definitive testis. 

The ovary retains the cheracteriatice of the lettor 
part of the indifferent stago (Pige» 6 and 9)send is thus 
recognized as sn ovary only beesuse the teatie is dis« 
tinetly differentiated, The sexecords which becone the 
modullery corés of the overy are not very Gistinct. The 
guperficial epithelium ie thicker then thet in the teetise 
end not clearly demarcated. im some places it still 


retains e comection with the medullary cords, but usually 
these connections are broken. Strenie of connective 
tiseup appear emong the cards in a few pleces but are of 
end seattered throughout the ovary, but are infrequent in 
the testis of the seme age. 

Sex-ifferentiation of the goned in the eat probably — 
takes plece eat practically the same age because Sainmmnt 
(1906) stated thet aifforentietion wae taking place in the 
twenty~eix-day embryo end had completely occurred before 
the twentyenine=diay stage. Sergitt (1925), Allen (1904), 
Feliz (1012), Siniine (1923), and others have desoribed 
this period in mmmals and heve remorked ebout the ex 
tremely quick differentiation that occuws and the fet 
that the testis is differentiated before the ovary acquires 
its definitive characteristics. Differentiation ie con- 
cerned with the sexecords minly, om with the formstion of 
the tuntea albuginea in the mie. 

in the ovary, efter the oritical period of differentice 
ation, the retullary cords becom more and more infletinet. 
The masses of cells forming the coris are somewhat separate 
ed by connective ticene but not to such on extent that 
they retein their identity (Pigs 10). In some overies of 
the twenty-eight-dey stage, the connective tissue cells 
ramify as far se the superficial epithelium under which 
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they spread out. This moles it appear like an incipient 
albugines (Fig. 10). In other ovaries of the sam age, 

the eonnective tissue celle are not prominant (Pigs 11). 

Allen (1004), Satnment (2906), and Simicine (1923) acted 

the occurrence of a tunfea albuginea in the ovary of the 
marmels studied et approximately this same stage of deo 

velopment, Sainmont belfeved that the tunlea albuginea 

4e only temporary in the eet and contributes to the forme 
tion of the cortex. Sinking euggested thet 1% is probable 
that efter the formtion of the tuniea albugines in the 

overy no more cells can be delivered by the superficial 

epitheliun into the immer part of the gonad. 

In the guilmenepig the tunica albugines which is mre 
@istinet in the ovary of the thirtyeday embryo (Pig. 12) 
ie apperently a temporary formtion and may, as Sainmont 
gsucgested in the case of the eet, enter into the formtion 
of the cortex, for it does not appear in the fortyq-day 
exbryo or thereafter. At oo time in the stages observed 
Goes it form e Gistinet broad layer as it does in the 
testio, It ie broken et intervale by @ secondary pro- 
liferation of celle from the superfleial epithelium which 
begins soon after the period of sex-differentiation. 


deserived by Sainmont (2006), Hergitt (2626), fingsbury 
(1015), Pelix (1912) and others, Poelix deseribed them — 
as “foldings of the surfeoe epithelfum” or doenvardly 
growing epitheliel cords, and attached no importance to 
them, Kingebury believed thet these sowcalled ogg-tubes 
of Pfliger are not "downgrowtha" from the epithelfum but 
represent eclletrails left behind in the adveneenent of 
the surfece of the ovary as the latter tnereases in size 
end that these egg-tubes remain commected with the surface 
epithe] Lume. 

in the fortyeday exbrye the ovary ta meade up of two 
_ Gistinet parte, e cortical portion and e medellery portion, 
the latter whieh steins intensely consists of the module 
iory cords whieh eppear almply se messes of cells sepa- 
rated by connective tissue. Very few germecelie ere 
present in thie region. ‘The cortex containe cords of 
germceils which are continuous with the surfece epithe] tum 
ami are separeted by connective tissue. The germecelis ere 
present in great qumbers, grouped in clueters, and sre 
practically all in mitesie, Beeause of the many germcolls 
with their lightly eteining cytoplasm, the cortex fe much 
lighter ineoler inesestion than the me@ullery portion. The 


voundary botwoon the two 8 indistinct es a result of the 
irregular character of the cords in both portions. These 
conde are probably the same ea the eggetubes of Peitger — 
Goserived by other writere es the secondary proliferetions 

he principel change whieh occurs in the ovary during 
the remsining period of eubryonie developuent is the foru- 
ation of follicles. Thie f¢ first observed in the forty~ 
aixeday onbryo in which eannective tissue cella and indif- 
forent cells surround some of the germcells in the deeper 
part of the cortex. In later stages the incipient fol~ 
Liclea are nore numerous and now layere of follicular 
colls ere added to the gormeell or ovun. The follicles 
which are nore fully developed ere usually found in the 
Gooper part of the cortex and occur in groups separated by 
connective tissue. It has not been determined whether or 
not these ova are descendents of the primordial gera-cells. 
of the carly stagete 

The period of the development of the ovary after sex~ 
élfferentiation is characterised by the formation of (1) & 
teaporary tunica albuginea, (2) @ secondary epithelial 
proliferation which probably forss the cortical corés op 
cgeatubdes of Pfifiger, (3) the differentiation of the ovary 
inte © me@sllawy ead « sorties. region, end (4) the 
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formation of follicles after sitoses of the germcelie. 
The development of the ovary of the guinespig does 


not differ in its more tmportant phases fron the develope a 


cont of the ovary of other manne dosertbed by different 


charecteristics of the two principal periods de not differ 


in essential details from those noted in other mrmals, 
~~ SUMMARY 


in summarizing, the foregoing atudy shows thet: 
le The development of the ovary may be divided into 


an indifferent period end e period of sexedifrorentiation, 


8. The indifferent ported, in esteyos of eighteen 
to twenty-five days of age inclusive, is characterised by 
the repid growth of the gonad, the appearance of prinor~ 
Glal gormoelis, a primary proliferstion of epithelial 
colis which form sex-corés, an¢ the diviaion of the gonad 
into @ superficial epithelium ané an inner epithe2ial 
DRGGSe 

Se The pewied of soxedifforentiation begins the 
twenty-sixth day and continues throughout the remaining 
peried of enbryonie development. It is eharecterized 
first by the differentiation of the gonad inte s testis 
op on ovary and secondly, in the ovary, by the forestion 


tte « mull ano wert pertony ont the feetion ‘ 
of folliclose | 

he seeeeevestetieh Af:6in gun dase  tontte oo on 
ovary takes place in 6 vory short time ond the testis ie 
cifforentiated before the ovary shove eny indication of 
its definitive cherseteristica. 
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All érawings were mde vith the eid of the 
figures 8 and 9, & 4 mm. objective end 10 couler 
were used. Pigures 8 ané 9 wore drow with 16 m2. 
abjective and 10 ogulars The reproduction vas 
made at ondshalf reduction from the original. 
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Fige 2. 


Pigs 3. 


Pige és 


Pigs Se 


Section through gonitel ridge of 
1Seday cubvyo. a, mesenchymos fe Co, 
germ-cells Ge Pe, genital ridge. 
Section through genital ridge of 
Ro-day ombryo. Ge Pe, Genital 
ridges Ge Ce, gercecell. 

Section through goned of Bl-day 
OMUITOs Ge Gey GOVUKCOLL; Ge To, 
genital ridge; G+ Gc, superficial 
epithelium, 

Seotion through gonad of &2day 
OnbryOse Be Ce, GOrmecoll, 
Section through gonad of BS«day 
ombryOse fe Co, gormecell, 


Pigs OG» 


Pigs 7. 


tholiumy g» C+, gorm-coll; 9. c., 
OADPyOs Ge Os, Superficiel opi« 
theliums te @e, tunien albuginea; 
Se te, sominiprous tubule, 
Section through ovary of &7=day 
CUETO. Ge Coy HOMCOLL. 

The aame og Pigs Oe Ge Ge, gerne 
CC11; Se Oy guperficial epi-~ 
thelium, 

Section through ovary of 28eday 
ONDEVOs Ge Sey Superficial epi- 
theliumy ge Ce, gora-ceil, 
Section through overy of 2Seday 
CUbTyOs Se Ce, superficial epiq~ 
thelium. 

Section through ovary of 30-day 
CubPYOs So Oe, superficial epi« 
theliums te @., tunica albuginea; 
Be Ce, GOrm-Colls ts Ce tedullary 
cord, 
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